239 Ethical approval 240 Ethical approval for the study was obtained from the London School of Hygiene and Tropical 241 Medicine (LSHTM; ref #12291) and Arba Minch University (AMU; ref #6008/111). An 242 invitation letter from AMU was taken to SOZ Health Department, who then provided an 243 invitation letter, which was delivered to the village health posts to gain permission to sample. 244 All participants were adults and gave full written informed consent. Confidentiality of all 245 respondents was assured by using unique study identifiers. Working closely with HEWs 246 ensured community acceptance and cooperation. The majority of cases were 15-44 year olds (75.8%), with males slightly more affected than 264 females, with a male to female case ratio of 1.4:1 (Table 1) . Most case deaths were also in 265 males (76%), which resulted in a case fatality rate (CFR) of 48.5% compared to 22.1% in 266 females (Table 2 ). The overall CFR was 37.6%, with the majority of deaths occurring at the 267 start of the outbreak. 69% of reported deaths occurred in health facilities; the remaining 31% 268 were community deaths found through active case detection. 269 270 Entomological investigation 293 A total of 688 containers containing water were inspected among 177 households. Overall 240 294 (34.9%) of the containers were classified as positive, i.e. contained at least one mosquito larva 295 or pupa, across a total of 105 positive households (59.3%). The majority of water-filled 296 containers were found outdoors and filled with rainwater. The locations and types of containers 297 across the kebeles varied, reflecting the differences in larval indices among study sites. No 298 larvae or pupae were found in any water-holding containers in Besheda. A sample of all 299 immature stages were reared to adulthood (Table 3) . From Shepe, Arkisha and Aykamer, the 300 main species collected was Aedes spp., however from Hana a large proportion was Culex spp. 301 A small number of Toxorhynchites spp. larvae and pupae were identified in Shepe and 302 Aykamer. 303 304 (Table 6 ). The majority either had no education or primary 396 school level (86.6%), while only 5.6% had achieved a higher education level. Among all 397 respondents, 142 (78.9%) were farmers, while the remaining 38 (21.1%) were combinations of 398 other professions. (Table 7) . 406 However, fewer participants were able to identify more specific YF signs and symptoms, 407 including jaundice (61.7%), muscle pain (74.5%) and bloody vomiting (56.1%). Most 408 participants stated that mosquitoes transmitted YFV (82.8%) (Table 7) . However, knowledge 409 levels were lower concerning which mosquito species transmitted the diseases, with only 54 410 (30%) aware that it was different species to those capable of transmitting malaria. Many 411 respondents (57.2%) affirmed that YFV could be transmitted through ordinary person to person 412 contact, although knowledge was higher that it is not possible to transmit YFV via food or 413 water (62.8%). Many thought YF mosquitoes were most likely to bite at night time (58.9%). 414 The majority of respondents knew that mosquitoes could breed in standing water (83.9%) but 415 much fewer were aware that this was possible inside the home (46.7%). 138 (76.7%) agreed 416 that removing or covering standing water helps to prevent mosquito breeding and 145 (80.6%) 417 agreed that pouring chemical into standing water was effective at killing mosquito larvae.
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418 (Table 8) . Respondents agreed that both controlling breeding sites of mosquitoes 426 (87.2%) and vaccination (75.6%) were good strategies to prevent YF, and that communities 427 have a role to play in controlling these mosquitoes (86.7%). Fewer participants (56.1%) thought 428 that it was the health post's responsibility to prevent YF. Table 9 ). 145 (81%) respondents reported that the government had come to their 437 houses to spray insecticides on their walls in the past. The majority of respondents reported 438 covering water containers in the home (90.0%), with many claiming to clean their water filled 439 containers every day (37.3%) or once a week (51.7%). Most respondents reported turning their 440 containers upside down to avoid water collection (84.4%). (Table 10) .
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472 This analysis also predicted increased odds of having a good attitude score if the respondent 473 was female (OR: 2.71; 95% 1.29-5.67), and by household location, with a decreased odds of 474 good attitude by lack of YF vaccination (OR: 0.40, 95% CI 0.19-0.83) (Table 10 ). A good 475 practice level score was also found to be predicted by YF vaccination status (OR: 0.37, 95% 476 0.19-0.71). After adjusting for potential confounders in a multivariate analysis, sex was no 477 longer found to be a significant predictor of attitude levels; or vaccination status on knowledge 478 level (Table 10) . 479 The correlation of KAP scores revealed a slight positive correlation between knowledge and 480 attitude scores (r=0.41, p<0.001); while no significant correlation was found between 481 knowledge and practices (p=0.373), or attitude and practices (p=0.471) (Table 11 ). 498 cases were reported in SOZ, including 62 fatalities. YF was unfamiliar to health professionals 499 at this time as it was an unexpected outbreak of a disease that had not been seen locally since 500 1962 (30). With the majority of cases identified in rural kebeles, it is highly likely that the 501 prevalence and severity of the outbreak was under-reported. 502 503 The epidemiological data indicate that the case number was higher in males, which is in line 504 with previous YF outbreaks, such as the 1960 outbreak in Ethiopia which had a male:female 505 case ratio of 1.6:1 (31) as well as in Uganda (2011) where the sex-specific AR was 16.5 (male) 506 vs. 9.6 (female) per 100,000 (32). In SOZ, the CFR in males (48.5%) was almost double 507 compared to females (22.1%), which was consistent with the YF outbreak in Uganda (29.6% 508 in males compared to 17.8% in females) and may be explained by males often reporting later 509 (and sicker) to health facilities, due to underestimating the severity of the disease at symptom 510 onset. By contrast, during outbreaks in The Gambia (1978) (1979) and Ghana (1969 Ghana ( -1970 , 511 children <15 years of age were the most affected, due to the stopping of routine mass YF 512 vaccination campaigns in the early 1960s (33). 513 514 The majority of cases were seen in 15-44 year olds (75.8%) who may have been infected while 515 working outdoors during the day and dusk, the peak mosquito biting times; a risk factor also 516 described in Kenya (1992 Kenya ( -1993 where 81% of cases were <40 years old (34). The overall CFR 517 in SOZ was 37.6%, which is higher than in the Darfur epidemic of 2012 (20.3%) and in Uganda 518 in 2011 (24.9%) (33). Only 4 cases were reported from outside of SOZ, which may be from 519 individuals visiting the region, e.g. becoming infected at the weekly Saturday market in Jinka 520 Town; rather than autochthonous YFV transmission. However, with reports of Aedes spp. in 521 Gamo Gofa (14), the potential for local transmission is possible (as seen in 1966, a region 522 previously unaffected during the 1960-1962 outbreak). Areas outside of SOZ were not included 523 in the mass vaccination campaign of 2013, leaving this population immunologically-vulnerable 524 to future outbreaks. 525 526 The mass emergency vaccination campaign of 2013 appeared to curb the outbreak as the 527 number of cases declined post-campaign and a high administrative vaccination coverage was 528 reported. However, cases were still appearing in early 2014: for example, 3 cases in Malle 529 woreda (previously unaffected during the peak period of the outbreak) were detected in 530 individuals who had not been vaccinated (35), and there are informal reports from South Omo 531 and Arba Minch of recent YF cases; highlighting the urgent need for a follow up vaccination 532 campaign and strengthened case investigation. The peak of the reported cases occurred in April 533 and May of 2013, which could be explained by the hot and wet climate in the region during 534 this time, encouraging mosquito breeding. However, this also coincided with the YFV 535 laboratory confirmation which increased disease awareness among community and health 536 professionals. 537 538 In early 2014, the EPHI conducted a training for health managers at regional and district levels 539 on YF. However, by this time, the peak of the outbreak was already over. In addition, 540 surveillance was slow and took almost 8 months to confirm the outbreak. These delays were 541 due to a combination of a lack of in-country laboratory diagnostics (requiring samples to be 542 sent to the Regional Reference Laboratory at Institut Pasteur, Dakar for analysis), non-543 specificity of the case definition, and misdiagnosis by clinicians (16)(36). Through informal 544 discussions, it was noted that most health professionals (particularly doctors) working in Jinka 545 Hospital rotate to new hospitals after 2-3 years. Many of the doctors currently at the hospital 546 did not know the signs, symptoms or treatment for YF, as no follow up trainings by the EPHI 547 have taken place for newer recruits. Therefore, knowledge levels of healthcare professionals 548 can be assumed low in the case of a future outbreak. 549 550 During the entomological investigations, a total of 688 artificial and natural containers were 551 inspected from across 177 households. Most of the containers were found outside of the home, 552 and due to the ongoing rains in South Ari, filled with rainwater. None of the kebeles sampled 553 had piped water, so buckets and drums were often used for water storage. The urban area of 554 Hana served a larger number of people per household, and therefore stored a larger proportion 555 of water, increasing the number of potential sites for harbouring immature stages. 556 557 The main breeding site in Aykamer and Shepe was the false banana plant, a crop found 558 ubiquitously in South Ari. Traditional practices ensure the plant is cultivated close to the home, 559 particularly as it requires a larger amount of dung and nutrients than the regular banana plant. 560 The plant has multiple purposes, including its leaves which are used to transport cabbage to 561 market and its stem and roots are used as food (the "false banana" that fruits is inedible). In 562 addition, the plant grows for about 4 years, in comparison to the banana plant which grows, 563 fruits and dies within a few weeks, providing a longer life-span to act as a mosquito breeding 564 site. In the hotter and drier months, the water in the large plant stem has previously been 565 reported to resist evaporation, making mosquito breeding possible all year round (30). A recent 566 mini-drought in Arkisha resulted in the loss of all false banana plants, however, usually it is 567 pervasive in this kebele. Therefore, breeding sites described in Arkisha during this study may 568 not be entirely representative. In addition, previous studies identified the taro plant as an 569 important breeding site for Aedes spp. in East Africa, however, in this study it was often 570 difficult to isolate water from the plant and only a small number were inspected, therefore its 571 significance is most probably under-estimated (30). 572 573 The greatest pupal contribution across the study sites was from clay pots (both used and 574 discarded) as well as the false banana plant. The clay pots were used for multiple purposes, but 575 commonly found to store water during house construction or those that were broken and
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